The single crystals of tristhiourea lanthanum bromide (TTLaB) have been grown by solution growth using slow evaporation technique. The grown crystals were characterized by single crystal X-ray diffraction (XRD) to study the crystal structure. The presence of functional groups was identified through Fourier transform-infrared technique. The optical study exposed that the crystal has high transmission with lower cut off wavelength of 237. 
Introduction
In crystal growth research, for the past four decades, activities have been focused towards the NLO (Non Linear Optical) crystals by researchers. In recent times, number of semi-organic crystals have been walk around, owing to their optoelectronic technologies, good mechanical strength, nonlinearity nature [1] - [4] . In recent research, semi-organic crystals with large nonlinear susceptibility, good optical transparency with high hardness have been identified. Semi-organic complex of thiourea (TU) with good optical nonlinearity combined with the physical austerity of inorganic compound have been useful for device applications. In the present work, we report a new semi-organic NLO material, tristhiourea lanthanum bromide (TTLaB) which has proficient optical second harmonic generation. The title compound crystal thus has high resourceful optical quality for wide applications in the field of laser communication, laser technology and data storage tools [5] .
Experimental
The crystals of Tristhiourea lanthanum bromide were grown by dissolving thiourea and lanthanum bromide in deionized water in the molar ratio of 3:1. The following reaction estimates the needed amount of thiourea and lanthanum bromide. The solution was stirred using magnetic stirrer. The mixture was heated up to 50˚C and kept for slow evaporation at room temperature. The spurious growth was trounced by using constant temperature bath at a constant temperature. The temperature of water in the tank was controlled digitally by using microprocessor. Variation in temperature of the bath can be tuned to an accuracy of ±0.1˚C. Optically high quality crystals of TTLaB were harvested in span of 40 days. The photograph of TTLaB crystals were grown by solution growth using slow evaporation method is shown in Figure 1 .
Characterization
A grown TTLaB crystal was subjected to single crystal XRD method to estimate the lattice parameters and crystal structure by using ENRAF NONIUS CAD4 X-ray diffractometer. The grown crystals of TTLaB were focused to Fourier transform infrared spectrum analysis by KBr pellet technique using a Bruker 66V FTIR spectrometer for the confirmation of vibrational structure analysis with the scanning range of wave numbers 400 -4000 cm −1 . The optical transmittance spectra were recorded using VARIAN CARY 5E spectrometer in the range Micro hardness studies were carried out using a micro hardness tester, fitted with a diamond indenter using Vicker's hardness method. The elemental analysis was studied using TESCAN SEM-VEGA III and CONTEXT softwares respectively. The NLO property of TTLaB crystal was tested by Kurtz powder SHG (Second Harmonic Generation) test using Nd: YAG laser (1064 nm).
Results and Discussion

Structural Properties
The obtained crystallographic data from the single crystal XRD analysis revealed that the crystal possess orthorhombic system. The unit cell dimensions were found as a = 7.130 Å, b == 9.0907 Å, c = 10.1131 Å, α = β = γ = 90˚ and the cell volume was 655.49 Å 3 .
FTIR Spectral Studies
Spectroscopic studies were carried out to expound the presence of functional groups. In the FT-IR spectrum Figure 2 of grown crystal of TTLaB, the peaks are observed according to the wave number ranging from 400 -4000 cm −1 . The Lanthanum bromide peaks are compared with thiourea (TU) peaks for the corresponding assignment ( Table 1 , whereas it was observed at 1620 cm −1 for TU. The N-C-N stretching vibration was found at 1465.51 cm −1 in the observed IR spectrum, whereas it was observed at 1477 cm −1 for TU. The C-S stretching vibration was found at 1414 cm −1 in the observed IR spectrum for TU. The C=S stretching vibration was found at 1430.14 cm −1 in the observed IR spectrum for lanthanum bromide. The IR band for NH 2 rocking was observed at 1092.58 cm , whereas it was observed at 494 cm −1 for TU. This study ( 
UV-Vis Analysis
The recorded transmission spectrum of TTLaB in the range 200 -2000 nm is shown in Figure 3(a) . From the optical transmission spectrum, the lower cut off wavelength was observed at 237.43 nm. The crystal has a good transmission in the entire visible region, which gives an advantage in semiorganic nonlinear optical materials. The significant absorbance spectrum is shown in Figure 3(b) . Hence, TTLaB crystals can be used for nonlinear optical applications [6] .
Elemental Analysis
Energy dispersive X-ray analysis was carried out for characterizing the presence of elements in the title crystal. The recorded energy peaks obtained for different elements were as shown in Figure 4 . The presence of C, N, O, La, S, Br peaks in EDAX spectrum confirmed the presence of grown TTLaB compound crystal.
Mechanical Studies
To measure the mechanical properties of a solid material, hardness test is imperative, through which the plasticity can be found out. Microhardness testing is the method to find the fracture behaviour, cracking, brittleness of a material [7] . The crystal sample was carefully rounded and washed to avoid surface effects. Vicker's microhardness tester was used with diamond indenter. The crystal was placed in the platform of the tester. The Vicker's hardness number H v = 1.8544 P/d 2 Kg/mm 2 , where P is the applied load in Kg and d is the average diagonal length of the indentation mark in mm [8] . Figure 5 shows a graph plotted between log P and log d. The material has a higher hardness property. Figure 6 shows the variation of hardness number with three different loads. The H v increases with increase in applied load. The micro hardness study divulges that the grown crystals are mechanically hard. When the hardness values are higher, the stress is also greater which forms dislocations, confirming the crystalline perfection.
Second Harmonic Generation
Active research has been employed to find the NLO property of the title compound. The NLO conversion efficiency was tested using Kurtz and Perry setup [9] . A Q-switched Nd: YAG laser beam (Quanta ray series) supplied by Spectra Physics, USA and Coherent Molectron powermeter, USA, of wavelength 1064 nm was used with an input power of 0.68 J. The output energy of the sample is 4.1 mJ. The KDP reference energy is 8.8 mJ. Hence, the TTLaB compound crystal has good nonlinearity.
Conclusion
Single crystals of tristhiourea lanthanum bromide were grown by slow evaporation method. The unit cell parameters for the title crystal have been evaluated by single XRD and the crystal structure is confirmed to be orthorhombic. The comparative study on FTIR spectrum between thiourea and experimental crystals shows the characteristic functional groups. The optical property shows a good transmission and the lower cut off is of 237.43 nm in the visible range. Elemental analysis confirms the presence of the atoms which belongs to title compound TTLaB. The hardness study confirmed the mechanical strength of the material. SHG analysis corroborates the nonlinearity nature of the crystal. Hence, having good optical property with nonlinearity nature and physical strength TTLaB crystals are useful for NLO device applications. 
